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Many studies have addressed the effect of high altitude on hemoglobin, erythropoietin, platelets and its effect on exercise.1-5 Most 
of the studies confirm an increase in hemoglobin level 
secondary to an increase in erythropoietin level at high 
altitude.2,6 It is well documented that ascent to high 
altitude is associated with expansion of red cell mass. 
Furthermore, erythropoietin levels have been shown to 
increase rapidly on ascent.7 While polycythemia in both 
primary and secondary settings is known to be related to 
thrombosis,8 its contribution to altitude-related throm-
bosis remains unknown.9 Plasma volume changes signif-
icantly on ascent to altitude, with radionucleotide stud-
ies demonstrating a reduction in volume in otherwise 
well subjects.10 People living at high altitude are at risk of 
thrombosis because of the risk of high platelet count.1,3-5 
Interest in the effects of a high-altitude environment on 
platelets and on coagulation in man has been stimulated 
by observations that thrombosis is a recognized com-
plication of exposure to high altitude, but studies of the 
effect of altitude on platelet count are limited and have 
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BaCkgRounD anD oBjECtIvEs: high altitude has an effect on blood count parameters, but low altitude 
(especially below sea level) has not been studied.
DEsIgn anD sEttIng: a cross-sectional study of aymptomatic subjects aged between 18 to 35 years of age 
who had reported to the blood bank at the King abdullah university hospital (Kauh)/irbid and ministry of 
health, Jordan, during the period between January 2010 to June 2011 for blood donation.
MEthoDs: hematological values were compared in healthy adult blood donors living in areas 200 to 300 
meters below sea level and areas 500 to 1500 meters above sea level. the study population consisted of 800 
females and 666 males aged between 18 to 35 years.
REsuLts: the mean values for hemoglobin level, mean corpuscular volume and leukocyte counts were signifi-
cantly higher in people living above sea level than in people living below sea level (P<.0001), whereas platelet 
count and red cell distribution width were significantly higher in people living below sea level than in people 
living above sea level (P<.0001).
ConCLusIon: We found a significant difference in hematological parameters in healthy adults living above 
and below sea level. the hematological values presented here are from a large, representative population sam-
ple and the first report of people living below sea level.
yielded conflicting results.1,3-5, 11-13 Previous studies have 
shown a change in blood count parameters in persons 
living above sea level, but none have evaluated the ef-
fect of living below sea level. This study was planned to 
evaluate the effect of altitude by comparing blood count 
parameters of people living below and above sea level.
suBjECts anD MEthoDs
The study sample was selected from a population of as-
ymptomatic subjects aged between 18 to 35 years of age 
who had reported to the blood bank at King Abdullah 
University Hospital (KAUH)/Irbid and Ministry of 
Health, Jordan, during the period between January 2010 
to June 2011 for blood donation. Exclusion criteria were 
hemolytic anemia, thalassemia, hemoglobinpathy, nutri-
tional anemia, smoking, and chronic diseases. Eligible 
subjects were invited to participate in the study and a 
written consent, which was approved by the Institutional 
Review Board at Jordan University of Science and 
Technology, was secured from those who agreed to be 
included in all study procedures. A structured interview 
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questionnaire was developed and administered to study 
subjects to gather information on age, gender, health 
status, nutritional anemia, hemolytic anemia, hemoglo-
binpathy, family history, smoking, and place of birth and 
residency. The altitude in relation to sea level was taken 
from an internet site on weather in Jordan (www.jordan-
weather.com), including the land area around the Dead 
Sea. Statistical analysis of this study was done using 
SPSS software, version 16.0 (IBM Corp, Armonk, New 
York, United States). Means (standard deviation) were 
obtained on continuous variables and an independent-
sample t test was used to test for a significant differences 
in the means. Statistical significance was set at P<.05.
REsuLts
A total of 1466 subjects (666 male, 800 female) with a 
mean age 26.3 years (range, 18-35 years) were recruited. 
Four hundred and seventy-nine subjects lived below sea 
level (-200 to -300 meters) and 987 subjects lived above 
sea level (500 to 1500 meters). (Table 1). Females who 
lived above sea level had a higher hemoglobin concen-
tration, mean corpuscular volume, and white blood cell 
count than females who lived below sea level (Table 2). 
Females who lived below sea level had higher platelet 
counts and red cell distribution widths than females 
who lived above sea level. There was no significant dif-
ference in mean corpuscular hemoglobin concentration 
between the two groups. Males who lived above sea level 
had a higher hemoglobin concentration, mean corpuscu-
lar volume, and white blood cell count than males who 
lived below sea level (Table 3). Males who lived below 
sea level had higher platelet counts and red cell distribu-
tion widths than males who lived above sea level. There 
was no significant difference in mean corpuscular hemo-
globin concentration between the two groups. 
DIsCussIon
Most reports the effects of altitude on blood count pa-
rameters describe the impact of short-term simulated 
altitude for 1 to 2 hour/day for a maximal period of 1 
to 3 weeks.14-21 We determined for the first time hema-
tological values for people who permanently reside in 
areas 200 to 300 meters below sea level. The values were 
derived from a large population sample and subjects 
were excluded by rational, statistically driven criteria, 
and thus we argue that it is appropriate to compare he-
matological values derived from our study. High altitude 
causes tissue hypoxia leading to the release of erythro-
poietin, which in turn causes an increase in the rate of 
red cell production.22-24 On the other hand, there is a risk 
that stress hormones may induce a relative suppression 
of the bone marrow in the early phase when adaptation 
is minimal and the stress reaction is most accentuated.22 
One study indicated an increase of total red cell volume 
as a result of stimulated erythropoiesis at moderate al-
titude.7 In recent reports, however, investigators have 
suggested that the marked erythrocytosis at altitude re-
ported in early studies (25% to 30% higher hemoglobin 
concentration, hematocrit, and red cell mass values in 
high Andean natives than in subjects at sea level) may 
largely reflect a selection of subjects with pulmonary 
disease because an agrarian population from the same 
area exhibited only a 10% to 12% increase above values 
obtained at sea level.25 However, an increased rate has 
been found for altitudes much higher than 1869 me-
ters.25 While Hassan et al found no increase in the num-
ber of red blood cells or other hematological parameters 
in healthy adults living in the Erzurum area of Turkey,26 
Akdag et al reported that median values for red blood 
cell counts, hemoglobin, hematocrit, and mean corpus-
cular volume at 1869 meters altitude were higher than 
in the study by Yip et al27 in a group aged between 6 to 
14 years living at sea level (0.47×1012/L for red blood 
cell count, 1.3 g/dL for hemoglobin, 4% for hematocrit, 
2 fL for mean corpuscular volume).28 In our study the 
Table 1. Characteristics of all the subjects.
Variables Below sea level
Above sea 
level
age (years)
   Mean
   range
26.3
(18-35)
27.3
(19-35)
gender
   Male
   Female
191
288
475
512
Hemoglobin, g/dL
   Mean (Sd)
   range
13.1 (1.7)
10-18.2
13.7 (1.6)
10.3-17.9
Mean corpuscular volume, fL
   Mean (Sd)
   range
84.8 (3.7
80-98
86.2 (3.9
80-100
Mean corpuscular 
hemoglobin concentration, 
g/dL
   Mean (Sd)
   range
32.9 (1.5)
28-37
32.9 (1.04)
29-37
red cell distribution width
   Mean (Sd)
   range
12.7 (1.0)
8.7-16.3
11.9 (1.2)
9-16
White blood cell count, ×109/L
   Mean (Sd)
   range
7.4 (2.8)
3.2-26.3
7.4 (2.8)
3.2-26.3
platelet count , ×109/L
   Mean (Sd)
   range
277.6 (75.3)
140-637
258.3 (63.2)
140-594
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Table 2. Characteristics of the females.
Variables Below sea level Above sea level P
age (range), years 26.3 (18-35) 27.5 (19-35)
number (percentage) 288 (36) 512 (64) nS
Hemoglobin, g/dL
   Mean (Sd)
   range
12.1 (0.9)
10-18.2
12.6 (0.9)
10.3-17.9
.01
Mean corpuscular volume, fL
   Mean (Sd)
   range
84.4 (3.6)
80-97
86.2 (3.9)
80-99
.01
Mean corpuscular hemoglobin 
concentration, g/dL
   Mean (Sd)
   range
32.7 (1.5)
28-36
32.7 (1.06)
29-37
nS
red cell distribution width       
   Mean (Sd)
   range
12.8 (1.1)
8.7-16.3
12.0 (1.2)
9-15
.01
White blood cell count, ×109/L
   Mean (Sd)
   range
7.4 (2.9)
3.2-26.3
8.5 (2.6)
3.3-22.6
.01
platelet count , ×109/L
   Mean (Sd)
   range
287.8 (79.7
140-570
263.5 (67.2
140-594
.01
nS: not statistically significant.
Table 3. Characteristics of the males.
Variables Below sea level
Above sea 
level P
age, (years) 26.3 (18-35) 27.2 (19-35) nS
number (percentage) 191 (29%) 475 (71%) nS
Hemoglobin, g/dL
   Mean (Sd)
   range
14.6 (1.3)
10.7-18.2
15.0 (1.2)
11.1-17.9
.01
Mean corpuscular volume, fL
   Mean (Sd)
   range
85.5 (3.8)
80-98
86.2 (3.9)
80-100
.01
Mean corpuscular hemoglobin 
concentration, g/dL
   Mean (Sd)
   range
33.2 (1.5)
28-37
33.1 (1.0)
20-36
nS
red cell distribution width
   Mean (Sd)
   range
12.5 (1.0)
10-14.2
11.7 (1.2)
9-16.6
.01
White blood cell count, ×109/L
   Mean (Sd)
   range
7.2  (2.8)
3.2-23.0
8.8  (2.7)
3.5-20.4
.01
platelet count , ×109/L
   Mean (Sd)
   range
262.2 (65.4)
142-637
252.7 (60.3)
142-507
.05
nS: not statistically significant.
mean values for hemoglobin, mean corpuscular volume, 
and hematocrit were higher in people living above sea 
level whereas the mean values for red cell distribution 
width were lower than in people living below sea level. 
Previous studies have shown that the leukocyte count 
is often normal in those living at high altitude.29 To the 
contrary, we found a significant difference; people living 
above sea level had higher white blood cell counts than 
those living below sea level. 
Studies of the effect of altitude on platelet count are 
limited and have yielded conflicting results. Sharma et 
al reported that highlanders living at 3658 meters had a 
significantly higher platelet count than lowlanders living 
at sea level.30 Hudson et al reported that mean platelet 
counts were low in the residents of low altitude than 
high altitude and demonstrated a significant and sus-
tained elevation in platelet numbers within 48 hours of 
ascent to high altitude.31 Gray et al1 studied 14 men mi-
grating from sea level to 2990 meters and demonstrated 
an overall reduction of 7% in platelet numbers. Further 
ascent to 5370 meters for 2 days resulted in a 25% fall 
below baseline. An additional 8 days at that altitude pro-
duced an increase to 7% below control levels. Similarly, 
Chatterji et al11 found a 12% to 26% fall in platelet count 
after 48 to 72 hours at 3200 meters and 3771 meters. 
Conversely, Singh and Chohan5 showed a significant 
rise in platelet numbers in 32 Indian soldiers ascend-
ing to between 3600 meters and 5200 meters. All these 
studies used manual methods for platelet enumeration. 
More recently, in a study of platelet numbers in 13 in-
dividuals ascending to 3500 meters, Simon-Schnass 
and Korniszewski showed a highly significant increase 
of 50% to 100%.13 We found a significant difference in 
platelet count; people living below sea level had higher 
counts than people living above sea level. Comparison 
of the platelet counts between those studies and our 
study are not valid since the altitudes are quite different. 
In addition, the mechanisms of adaptation to living at 
altitude apparently are multiple, and differ for different 
ethnic groups.32 In conclusion, we found significant dif-
ferences in hematological parameters in healthy adults 
living above and below sea level in a large, representative 
population sample, which is also the first report from 
people living below sea level.
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